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Electrochemicaljjsxperiments  were  performed  on  a  304L  stainless  steel 
alloy  in  a  0.3  M  HaClysolutlon  as  a  function  of  chlorine  content  (0-180 
mg/1).  Experiments  performed  included  a  measurement  of  the  corrosion 
potential  as  a  function  of  time,  the  determination  of  the  breakdown 
potential,  and  of  the  repassivation  potential,  utilising  cyclic 
polarisation  curves;  and  the  use  of  a  scratching  electrode  technique  to 
measure  the  kinetic  aspects  of  the  breakdown  of  passivity.  The  addition 
of  chlorine  to  a  solution  of  pH5  in  the  concentration  range  of  20-60  ppm 
chlorine  resulted  in  a  significant  shift  in  the  corrosion  potential  in  thr 
noble  direction.  At  higher  concentrations  of  chlorine  the  corrosion 
potential  shifts  back  toward  that  observed  without  chlorine  additions. 
Chlorine  also  results  in  a  monotonic  shift  in  the  breakdown  potential, 
suggesting  that  the  passive  film  is  rendered  more  stable  against  the 
initiation  of  localized  corrosion.  However,  the  repassivation  potential 
exhibits  a  minimum  in  the  chlorine  concentration  range  where  the  corrosion 
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potential  exhibits  a  maximum.  This  data  suggests  that  the  rate  o£ 
propagation  of  localized  corrosion  should  be  maximized  in  this  chlorine 
rugime  (20-60  mg/1).  When  scratching  electrode  experiments  are  performed, 
the  number  of  pits  is  minimized  but  the  size  of  the  pits  is  maximized., 
Analysis  of  the  kinetic  pit  growth  results  suggest  that,  when  the  pits  are 
small,  the  race  of  pit  growth  is  controlled  by  diffusion  of  corrosion 
products  through  the  bulk  aqueous  phase,  but,  as  the  pits  age,  the 
mschanism  changes,  and  pit  growth  is  governed  by  diffusion  through  a  solid 
or  semi-solid  film  on,  the  walls  of  the  pits. 
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Introduction 

Chlorine  added  to  water  is  a  potent  algaecide  and  bacteriocide,  and 
has  been  used  in  a  number  of  applications  to  reduce  biofouling  and/or 
biocorrosion.  However,  the  noble  redox  potential  for  the  C12/C1~ 
reaction  suggests  that  passive  metals  or  alloys  in  chlorine  containing 
solutions  may  be  susceptible  to  pitting  and/or  crevice  corrosion  if 
chlorine  is  dissolved  in  solutions  which  contain  chlorides.,  however,  a 
literature  survey  conducted  by  NACE  in  1976  resulted  in  the  discovery  of 
only  30  publications  related  to  chlorinated  water,  (most  related  to  wet 
chlorine)  and  only  19  publications  related  to  chlorinated  brines. 

None  of  these  studies  were  directly  related  to  stainless  steels. 

More  recently,  Goodman,  in  a  review  of  the  effects  of  chlorination  on 
materials  for  sea  water  cooling  systems  concluded  that  there  are  few  data 
available  related  to  the  effects  of  chlorine  on  the  corrosion  behavior  of 
ferrous  alloys  in  general  and  still  less  on  the  behavior  of  stainless 


alloys. ^  Some  recent  studies,  primarily  performed  in  chlorinated  sea 
water,  have  been  performed  on  a  number  of  stainless  alloys  (3-6),  with 
mixed  results.  For  example,  it  has  been  shown  that,  for  low  levels  of 
chlorine  (<0.1ppm)  the  drift  of  corrosion  potential  in  the  noble  direction 
which  is  generally  observed  in  sea  water  for  300  type  steels  was 
inhibited.  However,  a  large,  stable  shift  in  the  corrosion  potential  was 
measured,  and  both  pitting  and  crevice  corrosion  were  observed  on  the  free 
surfaces  of  the  alloy,  although  crevice  corrosion  in  an  artificial  crevice 
was  no  worse  than  for  unchlorinated  waters.  The  accelerated  corrosion 
phenomenon  due  to  chlorine  was  shown  to  be  highly  temperature  dependent, 
with  corrosion  of  even  highly  resistant  alloys  being  observed  at  40°C,  but 
little  corrosion  being  observed  at  15°C.^*®^  Pitting  and  crevice, 
corrosion  also  have  been  observed  in  22Cr-SNi-3Mo  with  chlorine  levels  of 
1  mg/l.(3)  The  noble  shift  in  the  corrosion  potential  has  been 
attributed  to  an  alternative  cathodic  reaction  due  to  the  reduction  of 
dissolved  oxygens 

0C1"  ♦  2e"  ♦  H20  -•  Cl"  +  20H"  (1) 

If  the  shift  in  the  corrosion  potential  due  to  surface  reaction  is 
sufficiently  electropositive,  the  pitting  potential  may  be  exceeded,  and 
either  pitting  or  crevice  corrosion  can  be  expected.  This  investigation 
examines  the  pitting  tendency  of  an  18Cr  -  8Ni  stainless  steel  in 
chlorinated  sodium  chloride  solutions. 


Experimental  Procedui 


Potentiodynamic  anodic  polarization  experiments,  as  well  as  scratching 
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electrode  experiments,  were  performed  on  a  vacuum  melted  304L  stainless 
steel  In  solutions  containing  0.5N  sodium  chloride  at  room  temperature 
(25±3°C).  The  alloy  composition  Is  shown  In  Table  I.  Chlorine 
concentrations  were  controlled  between  0  and  180  mg/1  by  the  addition  of 
sodium  hypochlorite  (NaOCl),  and  the  pH  of  the  solution  was  controlled 
with  the  addition  of  HC1.  Chlorine  is  generated  in  this  system 
accordingly  to  the  reactions: 

NaOCl  +  HC1  -»  NaCl  +  HOC1  (2) 

HOC1  +  HC1  •*  Cl2  +  H20  (3) 

The  bulk  of  the  experiments  conducted  were  at  a  pH  of  5.0.  At  this  pH 
the  primary  species  present  is  H0C1  (Figure  1).  Specific  chlorine 
concentrations  were  measured  for  each  experiment  utilizing  the  standard 
DPD  method  (7).  In  addition  to  experiments  conducted  at  pHS,  pH  for  some 
experiments  was  varied  between  pHl  and  pH5.  An  additional  variable 
included  a  preliminary  study  of  the  effects  of  cathodic  reduction  of  the 
alloy  surface  prior  to  polarization  in  order  to  examine  the  role  of  the 
stability  of  the  air  formed  film  against  localized  corrosion. 

The  specimen  geometry  was  approximately  1  cm  x  1  cm  x  0.3  cm. 
Polarization  samples  were  mounted  in  epoxy.  Specimen  surfaces  were  wet 
ground  to  600  grit  on  SiC  paper.  For  most  experiments  the  specimen  was 
held  at  -1.0  V  vs  SCE  for  five  minutes,  and  a  one  hour  exposure  at  the 
rest  potential  followed  by  an  anodic  polarization  scan.  Polarization  scan 
rates  were  performed  at  10  mv/sec  and  the  breakdown  potential,  Efa,  and 
the  repassivation  potential,  Ep,  were  determined  from  the  polarization 
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scans,  performed  i'.ut  in  the  noble  direction  followed  by  a  reverse  scan 
in  the  active  direction. 

A  limited  study  of  the  kinetics  of  pit  growth  was  performed  by  fixing 
the  potential  at  a  value  noble  to  the  pit  nucleation  potential,  scratching 
the  specimen  surface,  and  monitoring  the  resultant  increase  in  current 
density  *  These  experiments  were  performed  at  room  temperature,  in  a  0.5  N 
NaCl  solution  of  pH5,  with  0,  20,  and  60  mg/1  chlorine. 

Results  and  Discussion 

Figure  2  shows  anodic  and  cathodic  polarization  curves  for  304L 
stainless  steel,  cathodically  reduced  at  -1.0  V  vs.  SCE  for  5  minutes,  in 
0.5  N  NaCl  solutions  containing  20  mg/1  and  60  mg/1  chlorine,  at  room 
temperature.  Similar  data  were  generated  for  a  chlorine  concentration  of 
180  mg/1  but  are  not  shown  for  clarity.  In  each  solution  the  alloy  shows 
a  marked  hysteresis  behavior,  indicating  that  crevice  corrosion  can  be 
expected,  and  be  a  significant  problem  in  the  presence  of  chlorine. 
Additionally,  increasing  the  chlorine  concentration  of  the  solution 
shifted  the  corrosion  potential  in  the  noble  direction  by  approximately 
300-400  mv. 

A  similar  shift  in  the  zero  current  potential,  as  derived  from  the 
polarization  curves  also  is  observed,  although  the  maximum  potential  in 
this  case  occurs  at  60  rather  than  20  mg/1  dissolved  chlorine  (figure  3). 
The  scatter  in  this  data,  as  determined  from  triplicate  tests,  is  the  the 
order  of  ±30  mv.  The  differences  is  these  values  are  believed  to  be  due 
to  the  relatively  short  time  for  the  polarization  experiment  compared  to 
the  measurements  of  the  free  corrosion  potential.  For  low  concentrations 
of  chlorine  the  steady  state  conditions  on  the  alloy  surface  are  sluggish 


compared  to  the  situation  for  more  concentrated  chlorine  solutions. 
Accordingly,  the  corrosion  potential  tends  to  appear  to  be  somewhat  more 
noble  than  the  zero-current  potential  for  chlorine  concentration?  less 
than  60  mg/1.  At  higher  chlorine  concentrations  the  values  are  similar. 

The  breakdown  potential  and  the  repassivation  potential  as  a  function 
of  dissolved  chlorine  concentration  are  shown  in  figure  4.  The  breakdown 
potential  increases  monotonically  with  increasing  chlorine  concentrations, 
from  a  value  of  -+  0.050  mv  vs.  SCE  at  0  mg/1  chlorine  to  a  value  of 
-+  0.400  mv  vs.  SCE  at  180  mg/1  dissolved  chlorine.  The  repassivation 
potential,  on  the  other  hand,  exhibits  a  minimum  at  approximately  20  mg/1 
and  increases  for  larger  concentrations  of  chlorine.  If  the  data  of 
figures  3  and  4  are  plotted  on  the  same  diagram,  figure  5,  it  can  be  seen 
that  in  the  chlorine  concentration  range  of  10-60  mg/1,  the  corrosion 
potential  is  in  fact  noble  to  the  repassivation  potential.  In  this 
chlorine  concentration  regime  then,  localized  corrosion  initiated  in 
crevices  can  be  expected  to  freely  propagate,  although,  as  the  chlorine 
concentration  is  increased,  the  resistance  to  the.  initiation  of  localized 
corrosion  is  increased.  The  scatter  in  these  data,  as  determined  from 
triplicate  tests  is  also  of  the  order  of  ±30  mv. 

Thus,  it  is  apparent  from  these  data  that  the  effect  of  dissolved 
chlorine  on  the  localized  corrosion  behavior  of  18-8  stainless  steels  is 
more  likely  to  be  manifested  in  a  propensity  for  crevice  corrosion  in  this 
chlorine  concentration  range  of  10-60  mg/1.  Accordingly,  a  series  of 
experiments  was  conducted  wherein  the  passive  film  was  mechanically 
ruptured  by  scratching  and  the  resultant  current  density  was  measured  as  a 
function  of  time  after  scratching.  The  results  of  these  experiments  are 
shown  in  Figures  6-9.  For  example,  figure  6  shows  the  increase  in  current 
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density  for  a  specimen  held  at  50,  100  and  200  mv  vs.  SCE,  respectively  in 
0.5  NaCl  solution  without  chlorine  additions  (E^  *  0.046  v,  Ep  •  0.122 
v  vs.  SCE).  The  data  shown  here  are  as  expected,  and  indicate  a  large 
increase  in  current  density  shortly  after  scratching,  followed  by  a  region 
of  steady  state  corrosion.  These  data  are  suggestive  of  rapid  initiation 
followed  by  transport  limited  pit  growth. 

Figures  7,  8,  and  9  show  these  data  for  20  and  60  mg/1  dissolved 
chlorine  and  exhibit  similar  trends.  At  20  mg/1  chlorine  however,  (E^  - 
0.195  v  and  Ep  •  -0.238  v  vs.  SCE)  the  initial  data  at  >100  mv  vs.  SCE 
are  unstable,  suggesting  an  attempt  to  repassinate  the  alloy  surface, 
(figure  7a)  At  intermediate  applied  potentials  (200  mv  and  250  mv  vs. 

SCE)  steady  state  pit  growth  is  observed  immediately  after  initiation; 
while  at  the  highest  applied  potential,  a  slight  increase  in  current  (or 
pit  growth)  with  time  is  observed.  At  60  mg/1  dissolved  chlorine  (Eb  - 
0.263  mv  vs.  Ep  »  -200  mv  vs.  SCE)  a  small  perterbation  in  current 
occurs  for  an  applied  potential  of  >100  mv  vs.  SCE.  At  higher  applied 
potentials  there  is  a  large  initial  increase  in  current  density  followed 
by  a  steady  state,  virtually  constant,  current  suggesting  steady  state  pit 
growth . 

It  has  been  suggested  that  the  time  dependence  of  pit  initiation  and 
growth  on  passive  metals  and  alloys  obeys  a  relationship:^' 

it  -  ip  +  A(t  -  tx)m  (4) 

where  it  ■  total  measured  current  density 

ip  «  passive  current  density 

tx  -  incubation  time 

A.m  *  constants  which  are  a  function  of  transport 
conditions  and  pit  geometry. 
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For  the  experiments  described  here  the  passive  current  density  Ce  c«n 
be  assumed  to  approach  zero  and-  since  the  surface  is  scratched  to 
initiate  localized  corrosion,  tj  ■*  0.  Therefore  this  equation 
simplifies  to; 

i  -  A  t®  (5) 

or 

log  i  »  log  A  +  a  log  t  (6) 

The  data  of  figures  6a  -  8a  can  thus  be  described  on  a  log- log  plot, 
and  if  the  equation  is  valid,  the  constants  A  and  m  can  be  determined  from 
the  plot.  ,  Figures  6b  -  3b  show  this  data!,  and  indicate  that  each  of  sets 
of  data  for  figures  6a  -  8a  can  be  reduced  to  either  one  or  two  slopes; 
the  first  slope  related  to  a  transient  condition  (pit  intiation)  and  the 
second  to  pit  propagation. 

For  oust  of  the  initial  or  transient  pit  growth  (with  the  exception  of 
a  solution  containing  60  mg/1  chlorine  at  100  mv  vs.  SCE),  the  slopes  lie 
between  0.5  and  1.0,  with  a  mean  value  of  0.6  -  0.7.  (Table  ll) 

This  value  can  be  rationalized  by  considering  the  geometry  of  the  pits 
(assumed  to  be  circular  on  initiation  and  to  grow  hemispherically)  and  the 
assumptions  that  the  growth  of  the  pits  is  controlled  by  transport 
processes. 

The  relationship  between  the  linear  growth  of  a  hemispherical  pit,  and 
time  can  be  expressed  as  (8): 

r  -  c3  VlT  t2  (7) 


s' 


end,  for  transport  control 


P  .  C *J£  (8) 

r  2 

whars 

3. _ 

vf3VB 

C  -  - “  (9) 

8*7 

In  that*  aquations,  r  is  tha  pit  radius,  VB  is  the  spacific  volume 
of  tha  natal,  7  is  7araday's  constant,  and  2  is  tha  nonbar  of  pits. 

It  can  ba  shown  from  siapla  measurements  and  calculations  that  for 
aach  of  thasa  casas  considarad  hara  Zr2  is  aqual  to  a  constant  (Table 
Ill)  and  thus  tha  currant  density  should  seals  as  r2/C2,  and  tha  slop* 
of  log  i  vs.  tins  should  hava  a  slop*  of  2/3.  It  is  asstand  that  th* 
deviation  of  some  of  tha  measured  slopes  from. 2/3  is  a  result  of  the 
absence  of  purely  hemispherical  pits  (a  geometric  factcr)  and  th* 
assumption  that  all  pits  are  of  the  same  size.  Zn  any  case  it  can  b* 
concluded  that  initial  pit  growth  is  essentially  tha  sane  for  both 
unchlorinated  and  chlorinated  sodium  chloride  solutioos.  is  diffusion 
controlled  through  the  liquid  phase,  and  initially  is  not  influenced  by 
the  age  of  the  pits.  7igure  9s  aud  9b  show  a  slope  of  0.67  superimposed 
on  tha  transient  current  data  from  figures  6b  and  (unchlorinated,,  +200  mv 
vs.  SCE)  and  7b  (20  cg/1  chlorine,  +  200  mv  v*.  SCE)  and  show  tha 
excellent  fit  of  the  data  for  potentials  noble  to  tha  breakdown  potential 

However,  the  second  slope  obtained  for  each  set  of  experiments,  which 
generally  approaches  zero  (Table  II),  indicated  that  the  pits  approach  a 
steady  state  growth  rate,  where  transport  control  through  a  solid  or 
semi-solid  film  governs  the  process.  Further  evidence  of  this  type  of 
behavior  as  the  pits  age  is  the  faceted  appearance  of  the  pits 
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at  shown  In  Figura  10.  Thit  faceted  appearance  la  indicative  of  slow 
transport  through  a  solid  or  seal  solid  film. 

Pit  Distribution  and  Morphologies 

Although  the  kinetic  values  of. pit  growth  are  virtually  independent  of 
the  chlorine  concentration  of  the  solution,  the  interaction  between  pit 
initiation  and  growth  are  quite  different,  depending  on  the  chlorine 
concentration.  Table  Ill  shows  the  average  pit  density  for  samples 
■ensured  at  the  conclusion  of  the  polarization  experiments,  as  well  as  the 
swan  pit  size  and  the  maximum  pit  site  awasured  in  a  1  car  area.  These 
data  indicate  that  the  number  of  pits  per  ur.it  area  is  large  with  no 
dissolved  chlorine,  but  that  the  awan  pit  size  is  snail  and  correlates 
well  with  the  awxiatua  pit  diameter .  At  20  mg/1  dissolved  chlorine  (the 
most  active  repaasivation  potential  and  the  most  noble  corrosion 
potential)  the  pit  density  is  at  a  minimum,  while  the  pit  diaawter  is  a 
maximum.  Aa  the  aamunt  of  chlorine  in  solution  is  increased,  the  pit 
density  increases  amt,  in  general  the  pit  size  decreases.  Thus,  the  pit 
size,  and  the  pit  density  correlate  with  the  differences  between  the 
repassivation  potential  and  the  corrosion  potential.  At  valuea  of  20  to 
60  mg/1  dissolved  chlorine,  the  number  of  pits  is  relatively  low  and  the 
pit  size  is  relatively  large.  This  suggests  that,  at  these  concentrations 
pit  growth  occurs  readily,  while  initiation  of  new  pits  is  store 
difficult.  At  lover  and  higher  concentration  of  chlorine,  large  numbers 
of  pits  are  observed,  initiation  is  easy  but  growth  of  the  pits  is 
inhibited.  Thus,  the  norphological  characteristics  of  the  pits  correlate 
well  with  the  differences  between  the  breakdown  and  repassivation 
potentials.  These  differences,  exhibiting  a  maximum  between  20-60  mg/1 
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chlorine,  suggest  that  crevice  corroalon  (essentially  a  pit  growth 
procaaa)  can  ha  expected  to  ba  a  factor  in  this  concentration  range.  Tha 
distribution  and  morphology  of  pits  in  a  solution  containing  20  ag/1 
chlorin#  is  shown  in  Figura  11. 

To  summarise,  it  appaars  that  chlorina,  a  strong  oxidant*  stabilises 
tha  passive  filn  against  pit  initiation  as  Maaured  bp  tha  braakdown 
potential.  However,  at  intermediate  concewc rations,  whan  braakdown 
occurs,  pit  growth  is  enhanced.  At  vary  high  concentrations  tha  strong 
oxidising  potential  of  the  chlorina  apparently  inhibits  pit  growth, 
probably  due  to  a  repast ivat ion  process,  tinea  tha  inside  of  a  pit  can  ba 
axpactad  to  ba  acidified,  a  series  of  experiments  was  conducted  as  a 
function  of  pH  on  tha  corrosion  potential,  tha  braakdown  potential,  and 
the  repassivation  potential  at  a  chlorina  concentration  of  20  ng/1.  the' 
results  of  these  experiawnts  are  shown  in  Table  XV.  Those  data  indicate 
that,  as  tha  pH  is  reduced,  tha  difference  between  tha  braakdown 
potential,  and  tna  rapassivation  potential  approach  taro,  indicating  that 
tha  resistance  to  pit  growth  is  reduced,  tinea  at  these  low  pH's  Cl2 
dominates  the  dissociation  of  the  hypochlorite,  it  is  likely  that  the 
Cl2  is  directly  reduced  to  Cl*,  thus,  affectively  increasing  the 
chloride  concentration  in  the  pits  and  accordingly  inhibiting 
repassivation. 


Conclusions 

1.  The  addition  of  chlorine  to  a  0.3  U  HaCl  of  pHS  resulted  in  a 
marked  shift  in  ,th  corrosion  potential  of  the  alloy  in  the  noble 
direction.  This  shift  is  a  maximum  of  -300  mv  at  a  chlorine 
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concentration  of  20  ag/1,  and  dacraaaas  with  further  chlorine  addition  to 
only  -50  mv  at  100  ag/1.  A  aiailar  shift  ia  observed  in  the  aero 
current  potential  of  a  potent iodynaaic  polarisation  curve,  but  the  maximum 
is  observed  at  -60  ag/1  chlorine. 

2.  The  addition  of  chlorine  to  a  chloride  solution  also  results  in  a 
shift  of  both  the  breakdown  potential  and  the  repassivation  potential  ia 
the  noble  direction.  While  the  shift  in  the  noble  direction  of  the 
breakdown  potential  indicates  an  increased  resistance  to  the  initiation  of 
localised  corrosion,  there  is  a  cross-over  between  the  corrosion  potential 
and  the  repassivation  potential  in  the  range  10-60  mg/1  chlorine.  This 
behavior  suggests  that  the  propagation  of  localised  corrosion  can  be 
expected  to  be  accelerated.  Measurements  of  pit  density  and  else  confirm 
this  conclusion  in  that,  in  the  range  of  20-60  sig/1  dissolved  chlorine, 
the  pit  density  is  markedly  decreased,  but  the  pit  else  is  sharply 
increased. 

3.  The  results  of  the  pit  growth  experiments  can  be  interpreted  by 
the  development  of  a  more  stable  passive  film  created  by  the  strong 
oxidation  potential  of  the  chlorine.  Thus,  while  pit  initiation  is 
inhibited  as  indicated  by  the  move  noble  breakdown  potential,  there  can  be 
expected  to  be  a  stronger  driving  force  for  pit  growth  due  to  the  larger 
potential  difference  between  the  more  stable  passive  film  and  the  interior 
of  an  active  pit. 

4.  The  mechanism  of  pit  growth  and  early  propagation  appears  to  be 
similar,  and  is  believed  to  be  controlled  by  diffusion  of  soluble  species 
from  the  interior  of  the  pit  through  the  liquid  phase  in  the  pits. 

However,  as  the  pits  become  larger,  pit  propagation  rates  are  reduced. 

The  rate  controlling  step  for  larger  pits  is  believed  to  be  due  to 
diffusion  through  the  solid  or  semi-solid  film  on  ths  surface  of  the  pits. 
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Figure  1 .  Variation  of  chlorine  distribution  in  sea  water  as  a  function  of 
PH  <9> 

Figure  2.  Typical  cyclic  polarization  curves  for  304L  stainless  steel  in 
chlorinated,  0.£  N  NaCI  solution  at  0, 20,  and  60  mg/L  dissolved  chlorine. 

Figure  3.  Steady  state  corrosion  potentials  (open  circuit)  and  zero  current 
potentials  as  a  function  of  dissolved  chlorine  concentration  for304L 
stainless  steel  r.  0.5N  NaCI  solution. 

Figure  4.  Breakdown  and  repassivation  potentials  as  a  function  of  chlorine 
concentration  for  304L  stainless  steel  in  0.5N  NaCI  solution. 

Figure  5.  A  comparison  of  corrosion  potential,  zero  current  potential, 
breakdown  potential  and  repassivation  potential  for  stainless  steel  in  0.5N 
NaCI  solution  as  a  function  of  dissolved  chlorine  concentration. 

Figure  6.  Currant  density  vs  time  after  scratching  at  constant  potentials 
for  304L  stainless  steel  in  0.5N  NaCI  solution  (0  mg/L  dissolved  chlorine). 

Figure  7.  Currant  density  vs  time  after  scratching  at  constant  potentials 
for  304L  stainless  steel  in  0.5N  NaCI  solution  with  20  mg/L  dissolved 
chlorine. 

Figure  8.  Current  density  vs  time  after  scratching  at  constant  potentials 
for  304L  stain  ess  steel  in  0.5N  NaCI  solution  with  60  mg/L  dissolved 
chlorine. 
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Figure  9  Correlation  between  measured  slope  of  current  density  vs  time 
with  a  hypothetical  slope  of  0.67  for  transient  period  of  localized 
corrosion  of  304L  stainless  steel  in  0.5N  NaCI  solution  (a)  Unchlorinated 
(b)  20  mg/L  dissolved  chlorine. 

Figure  10.  Typical  morphology  of  pits  in  304L  stainless  steel  in  0.5N  NaCI 
solution.  Pit  morphology  is  unchanged  by  chlorination  (a)  Optical 
cross-section  (b,  c)  Scanning  electron  micrographs 

Figure  1 1 .  Pit  distribution  on  304L  stainless  steel  in  0.5N  NaCI  solution 
with  20  mg/L  dissolved  chlorine. 
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Figure  3.  Steady  state  corrosion  potentials  (open  circuit)  and 
zero  current  potentials  as  a  function  of  dissolved  chlorine 
concentration  for  304L  stainless  steel  in  0.5N  NaCI  solution. 


of  chlorine  concentration  for  304L  stainless  steel  In  0.5N  NaCI 


chlorine  concentration. 


(jjtua/vuj)  A)i«u«p  jirtiino 


(giuo/vui)  Xjjtuap  luajjno 


mg/L  dissolved  chlorine). 


EavsSCE 


© 

o 


im 

m§ 

■  •it 

m  m  m  m 

ID  Ul  ID  UJ 

♦  ♦♦♦ 


(Zluo/vuj)  X)|su9p  juajjno 


Figure  7.  Current  density  vs  time  after  scratching  at  constant 
potentials  for  304L  stainless  steel  in  0.5N  NaCI  solution  with 
20  mg/L  dissolved  chlorine. 
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Figure  9  Correlation  between  measured  slope  of  current 
density  vs  time  with  a  hypothetical  slope  of  0.67  for  transient 
period  of  localized  corrosion  of  304L  stainless  steel  in  0.5N 
NaCI  solution 
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